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Abstract
In recent years, there has been an increase in the number of students with learning difficulties entering post-secondary education. 
Research had shown that younger students with working memory deficit will typically experience learning difficulties. The
present study investigates the working memory performance and self-reported learning strategies of postsecondary students with 
and without dyslexia and examines whether there is a relationship between working memory and learning strategies of the 2 
groups of student. Students with (n=26) and without (n=32) dyslexia completed tests of short-term and working memory and 
evaluated their own learning and study skills. Students with dyslexia performed significantly more poorly on measures of verbal
working memory. Students without dyslexia obtained significantly higher scores in their reported use of selecting main ideas, test 
taking strategies and anxiety which all correlates positively with verbal working memory. Improved awareness of memory
strength and limitations may provide a valuable means of identifying for dyslexic students effective learning strategies.
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1. Introduction
Working memory (WM) can be defined as our ability to simultaneously hold and manipulate information over a
brief period of time. The amount of information we are able to hold and process or manipulate simultaneously in our
mind at any given time is called our WM capacity. Our WM capacity is limited and developed as we get older and 
varies among individuals. There has been a number of studies investigating the link between working memory and
learning especially when a child enters formal education [1-4]. Recent research indicates that working memory plays
a key role in helping the mind to focus and screen out distracters [5]. There are many learning activities in the 
classroom where children have to hold information while engaging in effortful activities such as following directions
and instructions, sustaining attention, doing complex reasoning or even copying a sentence from the class board.
Working memory is required when a student is asked to copy sentences or instructions; he/she has to write them
while trying to spell the individual words and carrying out individual steps in the task.
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Children who scored poorly on working memory tasks were associated with poor academic achievements and 
learning outcomes especially in their performance in the national curriculum assessments in English, Maths and 
Science [6]. Common profiles of children with working memory impairments have sometimes being misdiagnosed 
or typically being reported by teachers as being lazy, inattentive, or having low intelligence [7]. Although these 
children are seen as well adjusted socially, they seem reserved in group activities, behaving as not paying attention, 
losing track of activities and forgetting instructions. The evidence fits well with recent research which shows 
individuals with low working memory capacity as much more likely t
 [8]. These are some of the characteristics associated with 
working memory impairment for the teachers to spot earlier. Thus, they can work hand in hand with these children 
to improve working memory and increase the chances of success in the classroom. Teachers can then adapt their 
[9]. 
1.1. Working memory and learning disabilities 
Learning disabilities or learning difficulties refer to individuals who have specific problems in acquiring 
knowledge and skills to the level expected of those of the same age, especially when it is not associated with a 
physical handicap [10]. Those with learning difficulties may also have problems with acquisition, organization, 
retention, understanding or use of verbal and non verbal information [11], but, however, demonstrate at least average 
abilities for thinking or reasoning/intelligence (having average or above average IQ.  Common learning disabilities 
include dyslexia, dyscalculia, dyspraxia and others. 
Working memory problems have also been identified as key features of many developmental disorders including 
specific reading difficulties [12] language impairments [13-15] and attentional problems [16]. Individuals who were 
identified as having difficulty in the area of reading (literacy) or language processing such as those who have 
dyslexia, tend to show a working memory profile with weakness in their central executive and phonological loop 
(verbal working memory) [12][14]. Individuals who have Attention Deficit Hyperactivity Disorder (ADHD) or 
Dyspraxia (motor co-ordination problems) show a different working memory profile where their weakness is more 
on the visuo-spatial sketch pad [16][17]. Recent study, have also compared the working memory functioning of deaf 
children, children with ADHD and typically developing children where their findings showed that the deaf children 
and children with ADHD share similar working memory profiles, implying that it will be easier to accommodate 
both sets of children together in an inclusive classroom [18]. However, not all findings on working memory 
performance have been consistent with each subtype of learning difficulties. Research by Swanson & Berninger [19] 
has consistently found children with all types of learning difficulties to display poor working memory performance, 
especially in verbal and executive working memory. 
Most of the research on working memory and academic performances focused on classroom settings and on 
children in early and middle school years. The working memory abilities of adult learners, however, have not yet 
been the subject of extensive study, although some preliminary research has been conducted [17][20]. With 
increasing number of students with learning difficulties including dyslexia; dyspraxia as well as ADHD are now 
entering tertiary institutions such as colleges and university, this issue is becoming increasingly important. The 
working memory problems of advanced levels of study are not diminished, but are certainly different from those of 
the more structured classrooms of the early and middle childhood years. For postsecondary institutions, it is 
increasingly important to further understand the cognitive limitations and compensatory strategies of students with 
learning disabilities in order to provide appropriate instruction in learning strategies and study approaches to 
maximize their academic success. That is why we are also interested in looking at the learning and study skills these 
students adopted.  
1.2. Study skills 
Study skills or study strategies are approaches applied to learning that assist students to be successful in schools 
in a way of passing an exam or even obtaining good grades. Key strategies include a variety of behaviours and 
activities, such as note-taking, organizing information, scheduling, concentrating, internal motivation, processing 
and mentally storing information and so on [21][22]. Research comparing learning and study strategies between high 
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and low 
motivation being the two differentiating factors [23][24].  
Previous empirical studies investigating study skills of college students with and without learning disabilities also 
indicated differences between these two groups. Kirby et al [25] compared self-reported learning strategies and 
study approaches of postsecondary (university and colleges) students with and without dyslexia as well as examining 
the relationship of those characteristics with reading ability. Students with dyslexia were found to use more study 
aids and time management strategies while using less selecting main ideas and test taking strategies compared to 
students without dyslexia. The dyslexia group also reported to apply a deep approach to learning compared to the 
other groups. What is most interesting is that the reading ability of the two groups of students correlated positively 
with selecting main ideas and test taking strategies and negatively with use of study aids. Thus, suggesting that the 
weakness that dyslexic have in reading (notes and textbooks) might contribute to these students reporting lower 
score in selecting main ideas and test taking strategies (managing time and schedule) compared to the other group.  
Therefore, this study aims to investigate the role played by working memory and of learning and study strategies 
of young adult students with learning difficulties. This research is hoped to contribute to the understanding of the 
working memory profile and learning and study style of the target groups of adult learners which is students with 
learning difficulties such as dyslexia.  
2. The Dyslexic Study 
2.1. Participants 
A total of 58 students participated in this study where 26 students who have been identified as being dyslexic 
were put in one group and the other 32 students with no reported learning disabilities in the comparison group. 
Students with dyslexia were recruited from the disability services and through poster and email announcement in the 
university and colleges from York and Leeds. Participants were then assigned to the dyslexic group if they were able 
to provide a current educational psychological assessment stating dyslexia as one of their major learning problems. 
Participants who reported no learning disabilities were assigned to the comparison group. 
2.2. Procedure 
The tasks were administered individually in a session lasting less than 90 minutes in a quiet room of the 
college/university. Eight tasks from the AWMA [26] were administered individually to all of the participants. 
Lastly, questionnaire on study skills was given to the participant to be completed. Following the completion of the 
testing session, participants were debriefed and given either payment or course credits for their involvement in the 
study. 
 
2.3. Materials 
 
Working memory 
Eight subtest from the AWMA [26] were administered. Verbal short-term memory (STM) was measured by digit 
recall and non word recall tasks. In digit recall, participant hears a sequence of digits and is required to recall each 
list immediately, in the correct order. In nonword recall task, participant hears a sequence of nonwords and then 
required to recall each nonword list immediately, in the correct order with full accuracy. The nonwords are 
monosyllabic words with a consonant-vowel-consonant structure. Verbal working memory (WM) was measured by 
listening recall and backwards digit recall tasks. In the listening recall task, a series of spoken sentences are 
presented fo
word of each sentences in sequence. Test trials begin with one sentence and continue with additional sentences in 
each block until the participant is unable to recall three correct trials at a block. As for backward digit recall task, the 
same presentation of digits as digit recall tasks but the participant is required to recall the digits in a reverse order. 
Test trials begin with two numbers and increase by one number in each block until the participant is unable to recall 
four correct trials at a particular block. Visuo-spatial STM was measured by dot matrix and mazes memory tasks. In 
the dot matrix task, a sequence of red dots is presented on a 4 x 4 grid where the participant needs to point to the 
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positions of each dot that had appeared in the sequence in the same order. Each dot appears for 2 seconds. While for 
the mazes memory task, the participant is required to recall a path drawn through a two-dimensional line maze 
which is shown to the participant. The participant is asked to recall the path by pointing (drawing) in the same maze 
(now without the path) on the computer screen. Each maze is presented for 3 seconds and the maze complexity is 
increased by adding additional walls to the maze. Visuo-spatial WM was measured by  odd one out and spatial recall 
tasks. In the odd one out task, the participant is presented with a horizontal row of three boxes in which three 
complex shapes are presented. The participant is required to point to the shape that does not match the other shapes 
and need to remember its location. At the end of the trial, a blank set of three boxes appears on the screen. The 
participant points to the boxes in which the odd shapes had appeared in the correct sequence. In the spatial span task, 
a picture of two identical shapes was shown to the participant. However, the shape on the right has a red dot on it 
and the participant identifies whether the shape on the right is the same or opposite of the shape on the left. The 
shape on the right may also be rotated. At the end of each trial, the participant has to recall the location of each dot 
on the shape in the correct order, by pointing to a picture with three compass points. Both the shapes and the 
compass points stayed on the computer screen until a response is given. 
 
Learning and Study Skills Inventory (LASSI) 
The LASSI-2 [27] is a pencil and paper 10-scale, 80 item self report assessment of student awareness and use of 
learning st
Motivation, Time Management, Information Processing, Test Taking Strategies, Anxiety Management, 
Concentration, ability to Select Main Ideas, use of Study Aids, and implementing Self-Testing strategies. The 
questionnaire can be used to identify their academic strength and weaknesses. 
 
2.4. Data Analysis and Findings 
 
Descriptive statistics for the principal measures and univariate F test values are displayed in Table 1. 
 
Working memory 
Using multivariate analyses of variance (MANOVA), a significant group difference was found between the 
dyslexic group and the comparison group in working memory performances, F(4, 53) = 4.91, p<0.01. Students with 
dyslexia scored significantly less than typical students in the comparison group on all memory measures: verbal 
short-term memory, F(1, 56) = 6.19 , p<0.05, verbal working memory, F(1,56) = 19.70, p<0.01, visuospatial short-
term memory, F(1,56) = 9.04 , p<0.01, and visuospatial working memory, F(1,56) = 5.86, p<0.05.  
 
Learning and study skills 
Scores on each Learning and study skill subscales were also analyzed using multivariate analyses of variance 
(MANOVA). As predicted, an overall group difference was found 
 at F (10, 42) = 4.267, p<0.01. Follow-up univariate analyses indicated 5 
significant differences between groups. Adult learners with dyslexia reported lower scores on Anxiety, F(1,56) = 
37.09, p<0.01; Concentration and attention, F(1,56) = 11.96, p<0.01; Selecting main ideas, F(1,56) = 8.88, p<0.01; 
Time management techniques, F(1,56) = 5.23, p<0.05, and Test strategies, F(1,56) = 18.22, p<0.01. 
 
Relationship between working memory performance and learning and study skills 
Another objectives of this study is to investigate whether there is any relationship between working memory 
performance and the learning and study skills that the students adopted. Correlations between working memory 
measures and learning strategies for the all the participants were analysed and presented in Table 2. Result showed 
that anxiety management was associated positively with both measures of verbal memory as well as with visuo-
spatial short term memory while attitude was linked positively with verbal short-term memory. Information 
processing skill was negatively correlated with visuo-spatial working memory. Selecting main ideas was connected 
positively with verbal working memory and finally test-taking strategy was associated positively with both verbal 
short term memory and working memory.  
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Table 1. Descriptive statistics for working memory measures. 
Measure  Comparison group Dyslexic group   
 [mean (SD)] 
(n=32) 
[mean (SD)] (n=26) F  
Automated working 
memory assessment       
(standard score: M=100,  
SD =15) 
Verbal STM 97.50 (12.06) 89.21 (13.28) 6.19*  
Verbal WM 100.07 (11.63) 86.50 (11.52) 19.70**  
Visuo-spatial STM 96.75 (9.34) 88.69 (11.08) 9.04**  
Visuo-spatial WM 100.54 (12.24) 93.05 (11.02) 5.86*  
      
Learning and Study Skill    Anxiety 26.28 (5.70) 17.73 (4.80) 37.09**  
    Attitude 28.75 (5.09) 28.08 (6.77) 0.19  
    Concentration 23.00 (5.35) 18.58 (4.14) 11.96**  
    Information Processing 26.09 (5.35) 27.42 (4.91) 0.95  
    Motivation 28.34 (5.88) 26.00 (4.77) 2.69  
    Self-Testing 21.16 (5.96) 20.69 (5.39) 0.09  
    Selecting Main Ideas 26.84 (6.41) 21.84 (6.28) 8.88**  
    Study Aids 23.62 (4.25) 24.19 (3.51) 0.29  
    Time Management 22.19 (5.82) 19.04 (4.35) 5.23*  
    Test Taking 27.62 (5.20) 22.12 (4.47) 18.22**  
 
Table 2. Correlations between working memory measures and learning strategies for all participants. 
 
 AWMA 
Measure Verbal 
STM 
Verbal WM Visuo-spatial 
STM 
Visuo-spatial 
WM 
LASSI     
   Anxiety 0.377** 0.576** 0.345** 0.250 
   Attitude 0.340** 0.198 0.179 0.036 
   Concentration 0.198 0.132 0.163 0.210 
   Information Processing 0.071 -0.140 -0.198 -0.263* 
   Motivation 0.242 0.117 -0.128 0.193 
   Self-Testing 0.125 -0.023 -0.128 0.193 
   Selecting Main Ideas 0.201 0.287* 0.225 0.199 
   Study Aids 0.008 -0.214 -0.136 -0.007 
   Time Management 0.223 0.098 0.013 0.090 
   Test Taking 0.316* 0.410** 0.127 0.256 
 
A multivariate analysis of covariance (MANCOVA) was also conducted on the LASSI data score between the 
two groups of students controlling each working memory measures. A significant group difference was found for 
LASSI with verbal STM as covariate with F(10,46)=3.329, p<0.01, LASSI with verbal WM as covariate with 
F(10,46)=2.329, p<0.05, LASSI with visuo-spatial STM as covariate with F(10,46)=3.368, p<0.01 and LASSI with 
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visuo-spatial WM as covariate with F(10,46)=3.478, p<0.01. Further univariate analyses on each MANCOVA found 
significant group differences mainly on anxiety, concentration, selecting main ideas and test taking strategies. 
3. Discussion 
The aim of the present study was to investigate working memory performance as well as learning and study skills 
of college and university students with and without dyslexia. Findings on the working memory measures showed 
there was a significant difference between the dyslexic and comparison group in working memory performance. The 
dyslexic learners performed significantly poorly in all of the working memory tasks especially on the verbal working 
memory task. These findings concur with previous literature on dyslexic performance in verbal tasks. The finding is 
expected given the current theories and definition of dyslexia and previous research on dyslexic children and adults 
in memory tasks [2][12]. Similar deficits have also been found in younger children, as well as in adults [28][29]. 
Therefore, the present findings indicated that the working memory problems associated with dyslexia still persists 
into young adult learners who are determined to pursue their studies to higher levels.  
The results on learning and study skills showed as well that the dyslexic adult learners reported to use less 
effectively the following study skills compared to students with no learning disabilities; anxiety, concentration, time 
management, selecting main ideas, and test taking strategies. These five LASSI scales are related with the skill, will, 
and self-regulation component of strategic learning. Results indicated that the dyslexic students were more worried 
of their school and academic performance, have weakness in managing their time and concentration to met the 
learning demands for class or assignments, were less able to select important information from less important 
information, and using test preparation and test taking strategies less effectively [27].  
 al. [25] that 
skills and found similar pattern of result. Their argument was that the learning and study skills weakness of the 
on results from the 
combined data did indicate that there were positive relationships between anxiety, attitude, selecting main ideas and 
test taking scales with verbal short-term memory and verbal working memory performances. The better the 
participant scored or performed in the verbal short-term memory or verbal working memory tasks, the higher the 
score given on their use of these study skills. It does fit with the fact that dyslexics do have problems with managing 
time and finding difficulties in reading, writing and spelling that would contribute to less use of these study skills. 
However, these areas of weakness can be improved through educational interventions such as appropriate learning 
and study skills courses, assistance/ tutors or/and study aids. This study is hoped to increase learners awareness in 
the different learning abilities and their learning and study strategies. Such knowledge would assist educators to 
develop appropriate working memory support and intervention not just for young children but adult learners as well. 
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